This paper examines the production structure of Swiss banks in the period 1996-99. Using a variety of output specifications, we find evidence of large relative inefficiencies across Swiss banks. The results show the importance of accounting for the broad range of activities that universal banks undertake, e.g., failure to account for off-balance sheet items, trading, and brokerage and portfolio management activities leads profit efficiency to be dramatically understated. We find evidence of economies of scale for small and mid-size banks, but little evidence that significant scale economies remain for the very largest banks. Finally, evidence on scope economies is weak for the largest banks that are involved in a wide variety of activities. These results suggest few obvious benefits from the trend toward larger universal banks.
economies, and profit and cost efficiency for different types of banks, we can identify factors that contribute to this trend. Our research differs from earlier work on Swiss banks' cost economies and cost efficiency by Hermann and Maurer (1991) , Sheldon and Haegler (1993) and Sheldon (1994) in three respects. First, we consider a broader set of output definitions that includes trading and offbalance sheet activities to capture the effects of universal banking; second, we are the first to examine profit efficiency for universal Swiss banks; and third, we use much more recent data.
Our empirical results indicate substantial relative inefficiency across all types of Swiss banks.
Using our preferred specification that includes a "universal" measure of bank output -traditional lending products, off-balance sheet credit instruments, trading activities, and brokerage and portfolio management activities -we estimate that roughly 40% of costs reflect cost inefficiency and about onehalf of potential profits are foregone due to profit inefficiency. A comparison of efficiency across alternative output specifications shows the critical importance of accounting for these non-traditional activities. For example, if we estimate relative efficiency with a "naïve" output measure that includes only traditional banking products, we substantially understate both cost and profit efficiency. Our efficiency estimates by category of Swiss bank contrast with the widespread idea that regional and cantonal banks are relatively less efficient.
The data show evidence of scale economies for the small to mid-sized banks. For the very largest banks, however, our point estimates indicate scale economies, but we cannot formally reject the null hypothesis of constant returns to scale. This is true for ray scale economies and expansion path scale economies. We find some evidence of scope economies in our estimates of expansion path subadditivity, which again are largest for the small to mid-sized banks. Similarly, rank correlations between measures of specialization and ROE and ROA give ambiguous results.
We conclude that the substantial relative inefficiency and presence of economies of scale can only partly explain the consolidation trend in the Swiss banking industry. 5 The decline of cantonal banks and regional banks focusing on traditional activities, however, partially remains unexplained since we do not find them to be weaker in terms of profit and cost efficiency and since we do not find strong evidence for economies of scope for very large banks. Here, the only explanation we may offer lies in the lower degree of profitability observed for traditional activities compared to non-traditional activities. Finally, the weak evidence on scope economies for the largest banks suggests that the move toward universal banking in the U.S. and elsewhere will not guarantee success; there will likely be a range of outcomes with some banks succeeding in the new environment and others failing.
II. Understanding the Swiss Banking System
The Swiss banking system is typically described as a universal banking system. As in most continental European countries, banking legislation does not distinguish between commercial and investments banks. 6 In principle, any institution authorized to operate as a bank may offer a range of financial services: lending and deposit-taking, underwriting, brokerage, trading, and portfolio management. Banks, of course, must still comply with prudential requirements including capital requirements, liquidity requirements, and best practices, etc. when engaging in these activities.
(a) Heterogeneity in Swiss Banks
Swiss banks vary in their use of the option to engage in all financial activities. Truly universal banks co-exist with institutions specializing either in traditional banking or in financial market activities. In the official statistics maintained by the Swiss National Bank, (Banque nationale suisse (2000)), Swiss banks are classified into ten major groups: big banks, cantonal banks, regional and savings banks, Raiffeisenkassen banks, commercial banks, consumer loan banks, stock exchange banks, other banks, foreign, and private bankers. Since our subsequent empirical work will explore differences among these types, it is useful to provide a brief description of each type.
The big banks pursue all lines of financial activities -from traditional banking to financial markets activities -and they are the key actors in most segments of the domestic market. The big banks are also heavily engaged in international financial activities. Cantonal banks are state-owned banks with the majority of their capital owned by the canton, which guaranties their liabilities.
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Cantonal banks vary substantially in terms of size and business activities. While the smaller institutions focus on domestic, traditional banking, the larger ones typically engage in all types of financial activities. Regional banks tend to focus on domestic, traditional banking, with an emphasis on mortgage lending. Their activity is limited to small geographical areas.
The Raiffeisenkassen are small banks located mainly in rural areas. They are organized as cooperatives and focus on mortgage lending. The individual cooperatives have access to various services provided by a common institution, called the central bank of the Raiffeisenkassen.
Commercial banks are, in general, universal banks of medium size that combine commercial and mortgage loans with brokerage and portfolio management activities. Stock exchange banks are rather small and they focus on brokerage and portfolio management activities. Their activity is only partially reflected in the balance sheet. 6 Universal banking has been allowed in Switzerland since the Banking Law of 1930. 7 A canton is a territorial subdivision in Switzerland, roughly equivalent to a state in the U.S.
Consumer loan banks are small, and they finance durable consumption expenditures. Foreign banks are institutions operating under Swiss banking law, but whose capital is primarily owned by foreigners. They differ widely in their size and activities. Some qualify as universal banks, while others focus on trade credit or on financial market activities. Other banks include institutions with miscellaneous activities that cannot be assigned to a specific category. Finally, private bankers are unincorporated firms, involved mainly in portfolio management, whose owners are personally and fully liable for all the debts of their firms. For this reason, they have to comply only with part of the Swiss banking law, and do not qualify as banks in the strict sense and are not included in our analysis. 
(b) Evolution of Swiss Banking in the 1990s
We now discuss changes in the Swiss banking industry as a whole during the 1990s as summarized in aggregated industry data compiled in Les Banques Suisses. 8 Three significant changes are worth mentioning.
First, traditional banking activities (lending and deposit-taking) have decreased in importance with financial market activities (brokerage, underwriting, and portfolio management) growing.
Interest income, for example, accounted for 86% of total income in 1990, but only 63% in 1999. By contrast, the share of brokerage, underwriting and portfolio management fees increased from 11% of total income in 1990 to 26% in 1999. A similar shift occurred in the contribution of different activities to banks' profitability: net interest income equaled 102% of fees and trading income in 1990, but only 48% in 1999. This trend towards non-traditional activities suggests that one must take a broad view of Swiss banks when examining the production structure.
Second, there was an important wave of consolidation as the number of banks fell from 495 in 1990 to 372 in 1999, while average bank size (measured in assets) increased from Sfr 2,260 to 6,029 million. During the first half of the 1990s, the economic recession and the collapse of the real estate market were the primary forces behind the consolidation trend. Write-offs and provisioning requirements rose from 0.56% to 1% of total assets from 1990 to 1995 and many institutions, especially regional and cantonal banks, suffered massive losses that put their solvency into question.
Big banks faced a less dramatic increase in provisioning requirements and were able to stabilize their profitability due to good returns from financial markets activities. Many ailing regional and cantonal banks were acquired by larger institutions, especially the big banks, and the number of regional banks fell from 204 to 127 and the number of cantonal banks fell from 29 to 25. The market share of the big banks, measured as a percentage of total assets, rose from 48% to 55%, mainly at the expense of the regional banks.
General economic conditions improved in Switzerland in the second half of the 1990s as slow but positive growth returned and the real estate market stabilized. The financial condition of regional and cantonal banks recovered significantly, but big banks faced large increases in the provisioning requirements and reported losses. Consolidation of the Swiss banking system continued, although at a less dramatic pace. From 1995 to 1999, the number of banks decreased from 413 to 372. The number of regional banks decreased from 127 to 106, while the number of foreign banks fell from 141 to 123.
The market share of the big banks rose from 55% to 67%, mainly at the expense of the declining regional banks (5.5% to 3.3%) and cantonal banks (19.8% to 13.2%).
A third notable change was the progressive abolition of cartel-like agreements, as requested in a 1989 report by the antitrust authority. 9 The impact of the increased competitive forces, however, is difficult to evaluate because of its coincidence with the deterioration of general economic conditions.
Indeed, interest rate margins increased following the abolition of the cartel-like agreements, and thus do not point to an increase in competition.
The consolidation trend of the 1990s shows a decline in the importance of the smaller cantonal and regional banks, which focused on traditional banking activities, while the large, universal banks expanded. There is little doubt that the recession and the deterioration of the financial situation of the cantonal and regional banks at the beginning of the 1990s contributed to this consolidation process.
After 1995, however, it is more difficult to explain the continuation of the consolidation process.
During the late 1990s, general economic conditions improved as regional and cantonal banks were no longer in financial distress. Hence, to better understand the continued restructuring of the Swiss banking system, it is necessary to turn our investigations toward the industrial structure of the banking industry, and to examine the production characteristics of Swiss banks.
(c) Earlier Studies on Swiss Banking
Several earlier studies have estimated scale economies and cost efficiency for Swiss banks. Hermann and Maurer (1991) , for example, examine scale and scope economies at Swiss banks for a single year, 1989. They find economies of scale, except for the largest banks in their sample. They also report diseconomies for small banks and economies for large banks.
More recently, Sheldon and Haegler (1993) and Sheldon (1994) examine scale economies, scope economies, and cost efficiency for a panel of Swiss banks over the period 1987-1990 using both parametric and non-parametric methods. Both approaches point to significant economies of scale, particularly for small banks, but the evidence on economies of scope is ambiguous. Their parametric methods estimates indicate a low average cost efficiency, which rapidly decreases with bank size.
Hence, size seems to be an advantage from a scale economies perspective, but a disadvantage from an efficiency perspective. This could explain the coexistence of banks of different sizes. Bikker (1999) examines the cost efficiency of the banking systems in nine European countries using the stochastic cost frontier approach and an alternative method based on country specific dummies. Both methods are based on the translog function and indicate that Swiss banks rank among the best in terms of cost-efficiency. The study, however, does not examine scale and scope economies, and does not report correlates between relative efficiency and size.
These studies provide some interesting results on the production structure of Swiss banks in the 1990s, but several factors prevent it from helping us to fully understand the restructuring of the Swiss banking system over the last decade or from better understanding the implications for broader banking in the U.S. First, empirical evidence on Swiss banks cost efficiency is focused on an earlier period and leaves the second half of the 1990s unexamined. Important technological and market changes over this period make these very different environments. Second, size appears to have ambiguous effects on costs, as indicated by the presence of economies of scale and the negative correlation between efficiency and bank size. Third, the evidence on economies of scope also appears to be ambiguous. Hence, size and diversification do not seem to bring obvious cost benefits, which makes their role in the consolidation process unclear. Finally, these studies focused on a narrower definition of banking activities that excludes off-balance sheet and trading positions. Given the expansion of these activities in recent years, this is surely an important omission.
(d) Contributions of this Paper
The earlier empirical evidence on costs of Swiss banks does not explain why large universal banks continue to gain in importance, and why smaller banks focusing on traditional banking activities seem to be driven out. Moreover, since the earlier literature examined a period that was quite different from the current period using relatively narrow views of bank outputs, it is of limited use in evaluating gains for financial industries that are currently broadening their activities.
To better understand these issues, we present a broad analysis of the production structure of Swiss banks during the second half of the 1990s. Relative to the earlier literature, our study makes several important contributions. First, our analysis includes several alternative output specifications that range from a narrow view of traditional banking to a broader view of universal banks. Evidence from the U.S., e.g., Rogers (1998) and Stiroh (2000) , shows that failure to include non-traditional outputs tends to understate measured bank efficiency. By estimating cost and profit efficiency, scale economies, and scope economies with a more realistic description of bank outputs, we can gain a more accurate view of universal banking in Switzerland. Moreover, only by analyzing the production structure of universal banks can we hope to gain insight on the future of broader banking in the U.S.
Second, profit efficiency of Swiss banking was not examined in earlier studies. As argued by Berger and Mester (1997) , "profit efficiency is superior to the cost efficiency concept for evaluating the overall performance of the firm (pg. 900)." With imperfect competition, cost minimization is not equivalent to profit maximization, and the latter may be a more important driver of the structure of the banking industry. Moreover, several factors suggest that imperfect competition may prevail in banking in general, and in the Swiss banking industry in particular. As one piece of evidence, Egli and Rime (1999) report a significant relationship between rates on savings deposits and the degree of concentration across cantons, which may indicate regional segmentation of the retail banking market.
In addition, due to the high degree of concentration in the Swiss banking industry, we cannot exclude some implicit collusion between Swiss banks, even if explicit cartel-like agreements have been abolished. Rime (1999) , for example, uses the Panzar and Rosse (1987) statistics and rejects the hypothesis of perfect competition for the Swiss banking system, even after the abolition of cartel-like agreements. 10 A final advantage of the profit efficiency analysis is that it may capture quality effects (solvency of the bank, quality of its services) that are not, or only partially, reflected in the cost analysis (Berger and Mester (1997) ).
Third, technology is rapidly changing for financial institutions, e.g., the advent of information technology allows broader consumer networks, more integrated activities, and better risk management, so it is important to examine the performance of financial institutions using timely data. While we don't estimate the pace of technological progress explicitly, earlier empirical work using data from the 1980s is likely to be of less relevance for understanding recent changes.
10 The Panzar and Rosse statistics measures the elasticity of income with respect to input prices. Given the universal character of the Swiss banking system, the inclusion of banks that vary strongly in size and output mix seems appropriate. Moreover, this variation in size and output mix is an advantage for identifying and measuring scale and scope economies. Heterogeneity of the sample, however, increases the risk that we fail to control for some unobservable bank characteristics that could bias our estimates. In earlier work on Swiss banks, Herman and Maurer (1991), Sheldon and Haegler (1993) and Sheldon (1994) also consider a very broad sample of banks. In contrast, the majority of empirical studies on U.S. banks consider more homogenous samples of financial institutions since U.S. banks are more restricted in the types of outputs they produce.
III. Data and Variable Definitions
A priori, we suspect a lack of comparability for three groups of banks: the big banks, the Raiffeisenkassen and the foreign banks. The big banks, because of their size and of their wide range of activities, may be difficult to compare to smaller banks that are more focused. Raiffeisenkassen may also constitute a special case since they are cooperative institutions lending only to their members, who can be required to make additional payments to cover the liabilities of their cooperative. For foreign banks, most are subsidiaries of larger financial institutions located abroad, and an important part of their assets and liabilities consists of loans or deposits to/from the parent institution. These positions experience strong fluctuations and are frequently contracted at special conditions, which makes foreign banks difficult to compare with other banks in terms of observable quantities and prices. To address this comparability issue, we re-estimated the cost and profit function for subsamples excluding these three bank groups. In all cases, our findings did not change qualitatively, so we choose to focus on the full sample due to the already small number of observations.
Our sample period covers 1996 to 1999. The choice of this sample period reflects three main factors. First, new accounting principles were introduced in 1996, implying significant breaks in the series with respect to 1995 that could affect the quality of the earlier data. Moreover, the data based on the new accounting principles allow a better differentiation between traditional banking and financial market activities, e.g., the breakdown of fee income between brokerage, underwriting and portfolio management on the one side and loans on the other side, and a more exhaustive view of offbalance sheet positions. Second, we are interested in estimates that are not affected by the instability generated by the deterioration of banks financial strength during the first half of the 1990s. Third, the use of a relatively short observation period provides us with estimates that are more representative of the present situation and of future trends. A disadvantage in our efficiency estimates, however, is that random fluctuations play a more important role. Over a four years period, however, any good or back "luck" should not be the main driver of the efficiency estimates. Table 2 presents summary statistics for these 290 banks for each year from 1996 to 1999. The data show a steady increase in the average size of the institutions as consolidation continued. These surviving banks also improved their performance with return on assets (ROA) and return on equity (ROE) rising, while costs per assets (C/A) fell.
(b) Cost and Profit Functions
The production literature for financial institutions distinguishes between the intermediation and the production approaches. In this study, we assume that banks transform deposits, purchased funds, and labor into loans, other assets, and a range of financial services. Hence, our definition of bank activities can be assimilated to a "broad" intermediation approach. The general cost and profit function methodology is quite common in the literature and we discuss the theoretical framework only briefly.
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The general cost function can be written as:
and the general (alternative) profit function as:
where C is variable costs, Π is variable profits, w is a vector of input prices, Y is vector of variable outputs, Z is a vector of fixed netputs (either inputs or outputs), u is bank-specific cost inefficiency, π is bank-specific profit efficiency, and t is time, which proxies for technological and other environmental changes. 12 We drop firm and time subscripts for ease of exposition.
Note that we focus on an alternative profit function, which includes output quantities as the arguments of the profit function, rather than a "standard" profit function, which include output prices as the arguments. As discussed below, this reflects a lack of reasonable output price data for some of our sample and our belief that it is a more appropriate function.
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A critical decision in this type of analysis is the choices of the vectors of outputs, inputs, and netputs. The remainder of this section describes our choices for each, the rationale for these decisions, and summary data. i) Outputs and Netputs As mentioned above, Swiss banks vary considerably in their involvement with non-traditional financial activities. This makes the definition of the output vector crucial to appropriately gauge the industry's production characteristics. In a universal banking system like Switzerland, it is imperative to consider the outputs related to financial market activities (portfolio management, trading, brokerage, etc.), as well as those related to traditional banking activities (different types of loans or securities).
Thus, our study includes measures of brokerage and portfolio management activities, off-balance sheet items, and trading activities.
While conceptually desirable, the inclusion of these financial market activities also introduces several measurement problems due to limitations in the regulatory data. First, brokerage and portfolio management activities can be measured only jointly. For off-balance sheet (OBS) activities, we can only measure them in terms of quantities using the credit equivalent amounts, but it is not possible to isolate the income generated by these positions. Finally, trading activities can be measured in terms of income and quantity, but these two measures fluctuates strongly with market movements and are thus harder to interpret.
These measurement issues make it difficult to identify a priori the best output definition. To avoid arbitrarily selecting one specification, we use several variants ranging from a very narrow output definition to a very broad one. These broader specifications are richer than used by Sheldon and Haegler (1993) and Sheldon (1994) , who do not consider off-balance sheet positions and trading activities, and provide a more accurate picture of the production structure of Switzerland's universal banks. The three specifications are defined as follows.
The "naïve" specification, Y-1, includes only three traditional measures of bank outputs in the output vector Y : loans to banks, mortgage loans, and loans to customers (excluding mortgages).
Equity capital and physical capital comprise the netput vector, Z . All quantities are measured by the inflation-adjusted book value of the variable.
The "intermediate" specification, Y-2, augments the output vector with a fourth output, securities and participations, which is again measured by the balance sheet position. This is still a relatively traditional view of bank activities, although somewhat broader than the strict lending definition. In addition, we augment the netput vector with a third variable: the credit equivalent of traditional off-balance sheet positions such as contingent liabilities, irrevocable facilities, and commitment credits. These positions are credit related and thus a natural extension of the specification. The credit-equivalent of these positions is obtained by multiplying their notional amount with the conversions factors defined in the Swiss Banking Law.
The "universal" specification, Y-3, extends the output vector to include two non-traditional outputs: trading activities, and brokerage and portfolio management. Trading activities are measured by assets recorded in the trading book position, while brokerage and portfolio management activities are measured by the amount of securities accounts outstanding. The former is an imprecise measure of the quantity of trading activities, but data constraints force us to make this approximation since we do not have data on the number or volume of transactions. The netput vector is also extended to include the credit-equivalent of derivative activities, measured as the replacement value or initial exposure, depending on the bank's accounting method. This universal specification spans the full range of activities that Swiss banks undertake.
ii) Inputs
On the input side, the price vector, w , includes the price of labor (measured as the average wage and benefit per employee) and the interest rate on all liabilities (measured as the interest payments on money-market paper, liabilities to banks, demand, savings and term deposits, bonds and mortgage bonds). Because Swiss banks are required to report only their total interest expenses, we were unable to calculate specific interest rates for the different kinds of liabilities. As mentioned above, premises and other fixed assets are considered a fixed netput, and not an input. This choice reflects the difficulty in calculating a reliable input price in the absence of data on the market value of real estate and premise. Sheldon and Haegler (1993) and Sheldon (1994) plus trading income and fee income generated by brokerage, underwriting, and portfolio management fees. Table 3 reports summary statistics for all variables used in the cost and profit function estimates. As can be seen from all variables, there is considerable variation within our sample. Total assets, for example, ranges from Sfr 15 millions to over Sfr 1 trillion. Similarly, there is wide variation in outputs, with many banks choosing to produce none of a particular output. Table 3 also reports the mean value of measured costs and profits for each specification.
IV. Methodology
In this section, we present the methodology used to estimate relative cost and profit efficiency, economies of scale, and economies of scope. We begin with the functional form for both the cost and alternative profit function, and then detail the definitions used for cost efficiency, profit efficiency, economies of scale, and economies of scope.
(a) Translog function
We use a parametric approach with a translog specification throughout our analysis. This choice was motivated by the fact that the Fourier-Flexible specification, which is somewhat more flexible than the translog and common in many studies, requires the estimation of additional parameters and truncation of data. This is a problem for us due to the already small size of our sample. Moreover, while studies often fail to statistically reject the joint significance of the additional parameters, Berger and Mester (1997) indicate that the improvement obtained through the use of the Fourier-Flexible is not "significant from an economic viewpoint (pg. 924)." The translog specification takes the following form: 14 There are several points to note about Equation (3). First, Equation (3) is the basic specification for all results, but the details differ across applications. For example, the number of outputs and netputs varies with across the three specifications described above. Second, in the cost and profit efficiency estimates, the independent variable and all right-hand side quantities are scaled by equity capital. This helps to reduce heteroskedasticity and scale bias. In addition, this gives a nice interpretation for the profit function estimates as a return on equity. Third, we impose linear homogeneity in all estimates. Finally, symmetry restrictions in all quadratic terms are imposed in accordance with economic theory,
. Sheldon and Haegler (1993) and Sheldon (1994) use both a parametric and a non-parametric approach. We chose a parametric technique primarily because they correspond well with the cost and profit efficiency concepts outlined above. As argued by Berger and Mester (1997) , non-parametric methods generally ignore input and output prices and account only for technical inefficiency (using too many inputs or producing too few outputs) and not for allocative inefficiency (errors in choosing inputs and outputs given relative prices). Thus, non-parametric techniques focus on technological optimization rather than economic optimization, and do not correspond to the cost and profit efficiency discussed above.
We examine both efficiency and scope and scale economies, so one methodological issue is whether one should include cost share equations when estimating the Equation (3). That is, Shephard's Lemma implies that the derivative of the log cost function with respect to a log input price equals that input's share of total costs. Here, we adopt a pragmatic approach. For the cost efficiency analysis, we follow Berger and Mester (1997) and we estimate Equation (3) without the cost shares equations, as the restrictions underlying Shephard's Lemma impose the undesirable assumption of no allocative inefficiency. For the estimation of cost scale and scope economies, however, we estimate Equation (3) jointly with the cost share equations using Zellner's (1962) Seemingly Unrelated Regression (SUR) estimation technique to improve estimation efficiency. 15 The cost share equations are as follows:
S is the share of input i in total variables costs. Since the input cost share equations sum to unity, we omit one cost share equation from the estimated system of equations.
(b) Cost and Profit Efficiency: The Distribution-Free Approach
Our estimates of relative cost and profit efficiency are based on the "distribution-free" approach developed by Berger (1993) , and recently employed by Berger and Mester (1997) and others. This approach has been described extensively in the literature and we provide only a brief summary of our methodology.
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The distribution-free approach estimates production efficiency by comparing the relative performance, measured either by costs or profits, for a common set of institutions over several periods.
Intuitively, if a bank consistently reports higher costs (lower profits), ceteris paribus, it is considered cost (profit) inefficient. The econometric difficulty is in identifying the persistent part of unexplained costs (profits), which is considered the important firm-specific characteristic, from the transitory part, which is considered random noise. The distribution-free approach does this by comparing many observations of observed and predicted costs for each bank and inferring that the average difference is a good indicator of the unobserved inefficiency parameter.
More precisely, consider the following general specification for the cost function:
u represents unobservable firm-specific cost inefficiency, and ε is random error.
To estimate the unobserved cost inefficiency component, the distribution-free approach uses separate cross-section regressions of Equation (5) for each of the t years of data in the sample. Under the assumption that the random errors average to zero over time for each bank, a simple average of the 15 As a practical matter, inclusion of the share equation changed the point estimates of scale and scope economies very little, although the standard errors were smaller. 16 Other approaches to measuring relative efficiency include the data envelopment analysis (DEA), stochastic cost frontier, and the thick frontier approach. Berger and Mester (1997) compare these alternatives and we follow their methodology throughout. A formal definition of bank-specific relative cost efficiency is:
where i u is the average regression residual for bank i and min u is the smallest value for all banks, i.e., the "best cost-practice" bank. Equation (5) Relative profit efficiency is estimated in a similar conceptual manner, but a practical issue makes it more difficult to implement. Since profits can reasonably be negative, the simplified cost function in Equation (5) must be transformed to prevent taking logs of a negative number. This is done by adding a constant, Θ , set equal to one plus the absolute value of the minimum profit in each year, so that the general specification for the profit function becomes:
and the measure of relative profit efficiency is:
where i π is estimated as the average residual for bank i, max π is the maximum residual for the "best profit-practice" bank, and the ) (⋅ f function is evaluated using the estimated coefficients for each year and the right-hand side variables for each bank. The fitted values are then averaged across years to generate a single estimate of EFF − Π for each bank. Note that unlike the cost efficiency measure, profit efficiency is not bounded at zero. A bank could inefficiently loose more than 100% of potential profits, which would cause profit efficiency to be negative.
(c) Economies of Scale and Scope
Our sample of Swiss banks spans a wide range of sizes and a natural question is the existence of economies of scale. This has been a common topic in the empirical analysis of commercial bank performance with the most recent research finding strong evidence of scale economies in the U.S., e.g., Berger and Mester (1997) and Hughes and Mester (1998) . Evidence from Switzerland, reported in Sheldon (1994) finds strong economies of scale throughout his sample using parametric methods, but a U-shaped average cost curve with diseconomies of scale setting in the Sfr 1 billion range.
To assess the importance of scale economies, intuitively described as a reduction in average costs as output size increases, we examine several related measures. Again, the methodology has been explained in detail elsewhere and we only brief review our approach.
The most obvious way to compare the performance of different size institutions is to look at familiar accounting ratios like ROA, ROE, or the efficiency ratio (defined as non-interest expense as a percent of net interest income plus non-interest income). In addition to these standard ratios, we create a cost to assets ratio (C/A) using costs, as defined above in Section II, and total assets. By comparing this ratio across different size institutions, we obtain a crude measure of scale economies.
A more formal measure is given by ray scale economies, RSE , developed by Baumol et al. (1982) and applied to banking by . RSE is essentially the multi-product extension of the cost-output elasticity and measures the elasticity of costs with respect to a proportional increase in all outputs. RSE is defined as: While a useful statistic, RSE suffers from an important limitation. By assuming all outputs grow proportionally, it ignores the vast differences in output mixes across different size institutions.
In Switzerland, for example, large banks hold more trading assets as a percent of total assets, while the smaller ones more securities and participations as a percent of total assets. To account for this distinction, . EPSUB compares the predicted costs from the two hypothetical bank to the observed bank as: 
V. Results
We now turn to our estimates of cost and profit functions for 290 Swiss banks from 1996-1999. We use these parameter estimates to examine relative cost and profit efficiency, economies of scale, and economies of scope for the Swiss banks.
19
18 EPSUB is a generalized version of a more conventional measure of scope economies that compares the observed bank to a hypothetical set of perfectly specialized banks. We do not use this measure of scope economies due to the unrealistic assumption of perfectly specialized banks. Moreover, as pointed out by , estimates of traditional scope economies depend critically on the evaluation point for output quantities set arbitrarily near zero. 19 The analysis began with 390 banks. We dropped 83 banks either because of obvious data errors or incomplete data for all years. In addition, since the price data are measured with error, we followed Berger and Mester (1997) and dropped questionable input price observations (more than 2.5 standard deviations form the annual mean). This left 290 banks with reasonable data for all four years.
(a) Efficiency Results
Our cost efficiency and profit efficiency results for all Swiss banks in our sample are reported in Table 4 . For both measures, we report the mean efficiency (weighted averages across all banks) for each of the three output specifications and the corresponding standard deviations. As far as we know, these are the first estimates of profit efficiency for Swiss banks In terms of cost efficiency, the estimates range from 0.48 for the naïve specification Y-1 to 0.68 for the intermediate specification Y-2. These estimates imply substantial relative inefficiency in the Swiss banking system with one-third to one-half of all costs attributed to inefficient production.
Our preferred universal specification Y-3, which includes the broadest combination of outputs and netputs, yields an estimate of 0.57 and is the most precisely estimated measure. This implies that about 40% of observed costs are due to inefficiency relative to the best cost-practice bank.
These results are consistent with earlier work on Swiss banks, e.g., Sheldon (1994) reports an estimate of cost efficiency 0.56 for 477 Swiss from 1987 to 1990 using non-parametric methods, although only 0.04 using parametric methods. Our universal specification, Y-3, yields a larger estimate, which likely reflects both our more flexible estimation procedure and our broader output concept. Given our results and the non-parametric results of Sheldon (1994) , we conclude that Swiss banks operate with substantial relative inefficiency, but not the "astronomical" level from Sheldon and Haegler's (1993) parametric results. Those estimates appear implausible from an economic standpoint and seem to be driven by a few outliers (Sheldon and Haegler (1993) , Figure 4 ).
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In terms of profit efficiency, our estimates show considerable variation over the three output specifications, ranging from -0.08 for the naïve specification to 0.48 for universal specification. We do not, however, give much credence to the profit efficiency estimates from the naïve and intermediate cases. These measures are estimated very imprecisely with large standard errors and ignore large parts of the activities that are clearly important to Swiss banks. This comparison, however, is quite informative and shows the critical importance of accounting for the large range of activities undertaken by universal banks in Switzerland. Failure to do so leads profit efficiency to be dramatically understated. From our preferred Y-3 universal specification we conclude that about onehalf of potential profits are foregone relative to the best profit-practice bank.
Charts 1 and 2 plot the mean cost and profit efficiency for each output specification across 10 different size groups.
21 There appears to be little variation in cost efficiency across size classes, a result that is robust to the definition of bank size. Except for the very largest, banks appear most cost efficient when our universal banking specification is used. The results are similar for profit efficiency.
The universal specification yields the highest estimates of profit efficiency, and the estimates from the naïve and intermediate specifications are implausibly low. Again, we interpret this as strong evidence that one must take a broad view of Swiss banks and include non-traditional banking activities to correctly gauge their productive efficiency. The remainder of our empirical work uses the universal specification since it appears to be the most reasonable representation of the bank activities.
To get a better sense of the variation in relative efficiency, Charts 3a and 3b plot the distribution of bank cost and profit efficiency from our preferred universal specification. Consistent with findings from the U.S, they show a wider distribution for profit efficiency with a long left-hand tail for the banks that appear exceptionally inefficient. This is not surprising, since profit efficiency includes not only the technical and allocative efficiency in the production process, but also the efficiency of the bank in pricing and marketing products and services.
Turning to the question of variation across types of Swiss banks, Chart 4 plots median efficiency from the universal specification for the nine types of Swiss banks in our study. The results indicate that the commercial banks are the most cost efficient, while the Raiffeisen banks appear the most profit efficient. As discussed earlier, Swiss banking consolidation has been most intense among the cantonal and regional banks. Both of these groups, on average, appear to be no different from the industry as a whole in terms of relative efficiency, which suggests that inefficiency was not a driving force behind their demise. This interpretation is tentative, however, since we are looking at surviving banks, and a survivor bias cannot be excluded. That is, the most inefficient banks may be the ones that have exited our sample. We can only conclude that regional and cantonal banks taken as a category are not currently less efficient that other banks.
Finally, there is some concern that these efficiency estimates are being driven by a subset of banks that behaves in fundamentally different ways from the majority. As a robustness check, we reestimated cost and profit efficiency using two subsamples: one excludes the three largest Swiss banks and the second excludes the Raiffeisenkassen. In both cases, our qualitative findings did not change and we conclude that these banks are not driving our results.
21 Size classes are formed as deciles with 29 banks in each class, based on average total assets over the four years. Each estimate is the weighted mean over the class, with the denominator of Equations (6) and (8) serving as
(b) Economies of Scale and Scope Results
We now turn to our estimates of economies of scale for Swiss banks for various size classes.
Given the implausible profit efficiency findings using output specifications Y-1 and Y-2, we report estimates of RSE ,
B A EPSCE
, , and EPSUB based on the universal specification Y-3. In all cases, we jointly estimate the cost function in Equation (3) and share equation in Equation (4) for each year.
We then evaluate Equations (9)- (11) using the estimated coefficients and either annual means from the entire sample (input prices) or annual means for each size class (output and netput quantities). This emphasizes the impact of changes in the output bundle, ceteris paribus. The size classes are defined as: Class 1, assets < Sfr 100 million; Class 2, Sfr 100 million < assets < Sfr 200 million; Class 3, Sfr 200 million < assets < Sfr 500 million; Class 4, Sfr 500 million < assets < Sfr 1.5 billion; Class 5, Sfr 1.5 billion < assets < Sfr 10 billion; Class 6, asset > Sfr 10 billion. 
EPSCE
, , a 1% increase along the expansion path increases costs by 0.89% from Class 1 to Class 2 and a 0.92% increase from Class 5 to Class 6. We cannot formally reject the null hypothesis of no economies of scale for the large banks in most cases, however, so we interpret the results as economies of scale for small banks, but not for the largest banks. Note, however, that there is some variation across years, particularly for
In general, these results are consistent with the earlier parametric results of Sheldon and Haegler (1993) . They report RSE of 0.33 for the smallest asset class and 0.75 for the largest, with a sample average of 0.54; their B A EPSCE , ranged between 0.68 and 0.83. Table 6 reports EPSUB estimates, calculated in three different ways. Following Jagtiani and Khanthavit (1996) , we create the hypothetical banks A and D from observed bank B by breaking down weights. As a robustness check, we also created size classed based on gross income (net interest income plus all fee income) and did not find substantial differences in the size distribution of efficiency. the mean output vector in each size class into the minimum of each output and the residual, i.e., mean output less minimum output. This approach is called the "min-mean" path. Alternatively, we can break the maximum output into the mean output and the residual, i.e., maximum output less mean output. This is called the "mean-max" path. Both versions measure the cost savings from joint production. The third approach, following Mitchell and Onvural (1996) , estimates EPSUB along the expansion path from the mean output vector of one size class to the mean of the next size class. This approach is called the "mean-mean" path. In all cases, total predicted costs are then calculated using sample means of input prices and netput quantities.
For EPSUB to capture scope economies, it is necessary that the hypothetical banks A and D be more specialized than bank B. To check this, we computed a Herfindahl-like indicator of each bank's specialization, defined as the sum of the squared shares of traditional and non-traditional income, where non-traditional income equals brokerage fees, trading income, and other fees. Indeed, we observe a negative correlation between specialization and size (Table 7 ). This negative relationship between size and specialization means that bank B (the large bank) is less specialized than bank A and D (the two smaller banks) and implies that EPSUB captures some scope effects. Because the hypothetical banks A and D are not perfectly specialized, however, EPSUB captures not only scope economies but also scales economies.
These results provide mixed evidence in terms of scope economies. While most estimates are positive, which implies costs are "subadditive" and there are cost savings for the combined bank, the significance levels vary considerably. Using the mean-max path, for example, we find evidence of significant scope economies for all but the two largest size classes. The min-mean estimates, on the other hand, are much smaller and show weak evidence of diseconomies of scope. We interpret this as limited evidence for scope economies for the smaller banks in our sample, but not for large ones. Sheldon and Haegler (1993) report similar results in their EPSUB estimates, which ranged from 0.42 and 0.28 for banks with assets below Sfr 45 billion, and -0.11 for larger banks. They also estimate a more traditional measure of scope economies, which indicated diseconomies of scope.
Based on this ambiguous evidence, those authors infer the presence of diseconomies of scope and conclude that banks would gain greater cost savings if they specialized as they grew. Sheldon and Haegler (1993) , however, do not report standard errors so it is difficult to judge the statistical significance of their results.
VI. Robustness Checks
Our econometric work provides estimates of cost and profit efficiency, scale economies, and scope economies using traditional parametric methods. To address the reasonability of the results and issues of robustness, we performed several additional calculations that provide corroborating evidence, use alternative methods, and examine particular subsamples of our data.
(a) Efficiency Correlates
To examine the robustness and reasonability of the efficiency results we calculated several rank correlations with standard accounting variables. We report rank correlations between cost efficiency, profit efficiency, ROA, ROE, size, traditional income share, degree of specialization, and credit risk in Table 7 . 22 The correlations are mostly reasonable. Both cost efficiency and profit efficiency are negatively correlated with C/A and positively correlated with ROA and ROE. Similar to results from the U.S., we find a significant negative correlation between cost and profit efficiency. Size and specialization are negatively related, as expected since larger banks are typically more diversified and universal in nature.
In terms of scale economies, there is no significant correlation between asset size and C/A, ROA, cost efficiency, or profit efficiency, although it is correlated with ROE. In terms of scope economies, the correlation between ROE and degree of specialization was negative, indicating that a diversified earnings stream is associated with higher profits. This correlation, however, was not very robust and does not hold for standard ROE correlations or for ROA rank correlations. Specialized banks also appear to be more profit efficient. Both are consistent with our weak evidence for scope economies. Traditional activities appear less profitable than non-traditional activities, as indicated by the negative correlation between ROA and ROE and the traditional income share. Taken together, these correlations provide the same general picture as the more formal econometric work.
(b) Risk Issues
We also looked at the relationship between risk and performance, size, and product mix.
When bank managers or shareholders are not risk-neutral, cost minimization and profit maximization may explain only part of bank behavior. Hughes, Mester and Moon (2000) address this issue by modeling the bank's objective as value-maximization, thereby accounting for the possibility that, when ranking and choosing production plans, managers consider not only the expected cash-flows, but also their risk. Implementation of this methodology, however, requires data on output prices, which are not available for our complete sample of Swiss banks or for our broadest output specification. As an alternative, we briefly discuss the risk-related correlates in Table 7 . Of course, these simple measures do not account for the multiple links between these variables and cannot capture the complexity of the underlying relationships, but they are still useful robustness checks.
We begin with the link between risk and performance, and find no significant correlation between cost efficiency and two risk proxies: credit risk (defined as the ratio of provisions and writeoffs to total assets) and the standard deviation of ROE. This suggests our cost efficiency estimates are not biased by banks that may limit their screening and monitoring activities or the diversification of their loan portfolio to save on operational costs. Similar results hold for profit efficiency.
We find a positive correlation between ROA and ROE and the standard deviation of ROE, credit risk, and excess capital (defined as the percent of capital held above the regulatory minimum).
This implies that higher profitability is associated with higher risk and higher market capital requirements. The net effect appears to be a higher probability of default, as indicated by the negative correlation between ROE and the distance to default (defined as the ratio of average ROA plus the average equity ratio to the standard deviation of ROA).
The correlates between risk and bank size and output mix also provide several interesting results. We observe no significant correlation between the variability of bank profits and total assets, but a positive correlation with bank gross income. In terms of bank specialization, the degree of specialization is negatively correlated with the bank ROE, suggesting some diversification benefits in terms of risk reduction. The effects of risk diversification may, however, be masked by a voluntary increase in risk-taking by large, universal banks. Finally, the standard deviation of ROE is negatively correlated with the share of traditional activities, indicating that the higher profitability of nontraditional activities also implies more risk.
(c) Standard Profit Function
We estimated profit efficiency from a standard profit function that uses output prices as dependent variables. As discussed above, we consider this an inferior measure but it is worthwhile to compare results. One caveat, however, is that data limitations forced us to limit both the size of our sample and the breadth of the specification. For example, the Swiss data only report interest income for loans as a whole, so we were forced to combine all loans into a single output class. In addition, many banks experienced losses on non-traditional activities, so we were left with negative prices on certain assets. These observations had to be dropped. Despite these problems, we re-estimated cost efficiency, alternative profit, and standard profit efficiency for a set of 145 banks with complete data trading assets plus brokerage fees, trading income, and other fees). Specialization is defined above. Credit risk is measured as the sum of provisioning and write-offs divided by total assets.
for the full years. 23 For this subsample of banks, the average efficiency levels were 0.46 for cost, 0.50 for alternative profit, and 0.41 for standard profit. The correlation between the two measures of profit efficiency was 0.95. We conclude from this that alternative profit function gives a reasonable description for the sample of Swiss banks.
(d) Alternative Specifications
We calculated RSE ,
B A EPSCE
, , and EPSUB using coefficients estimated from an alternative profit function. Similar to the methodology employed by Berger, Humphrey, and Pulley (1996) for alternative revenue functions, we asked the question of how profits (rather than costs) vary when banks change their scale and scope. We find no significant RSE and B A EPSCE , , which indicates that profits do not increase more than proportionally with size. This contrasts with our finding of cost scale economies for small banks. One interpretation is that outputs are not totally comparable across banks of different size. For example, one can imagine that loans granted by the big banks to large firms generate, in proportion, less costs but also less income, than loans to retail borrowers granted by smaller banks. Alternatively, cost scale economies may be passed to the customers. In either case, we find no evidence that larger banks can generate higher profits because of their stronger pricing power. We also find no significant EPSUB , which indicates that customers are not ready to pay more for one-stop shopping. This is consistent with Berger and al. (1996) , who find no significant revenue scope and scale economies.
We also created new size classes based on gross income, rather than total assets. Evaluating the cost-based RSE ,
, , and EPSUB across these different size classes did not materially change the results. We again found evidence of cost scale economies for small and mid-size banks, but little evidence of significant scope economies for large banks.
Finally, we estimated cost functions excluding Swiss banks owned by foreigners. By dropping these 96 banks, our sample declined, but we avoid possible measurement problems associated with foreign-owned banks. These banks have balance sheet positions that change relatively quickly and are involved in contracts with parent companies that might not represent market conditions, so estimates could be biased. The estimate of RSE ,
, , and EPSUB did not change materially for these subsets, however, so we conclude that the foreign banks were not driving our results.
(e) Caveats
We end this section with a note of caution about our results. While both the rank correlations and the econometric results point in the same direction, these findings must nonetheless be interpreted cautiously. Important data limitations forced us to approximate parts of non-traditional outputs. In addition, absence of data on output prices for most non-traditional activities prevented us from estimating the standard profit function for the broadest output specification, so that we were unable to measure bank efficiency in choosing the profit-maximizing output mix. Finally, the current state of the art does not allow for a clean measurement of economies of scope. Since we have no direct way of knowing how large the approximation errors are, we cannot conclude that there are no scale and scope economies for the largest Swiss banks. Rather, we can only conclude that there is no obvious evidence when we use currently available data from regulatory sources and traditional methods
VII. Conclusions
This paper evaluates the production structure of Swiss banks in the late 1990s. By employing alternative output specifications with a broad range of outputs, we are able to capture the universal nature of Swiss banking and gauge the impact of banks' profitability and efficiency. Our results indicate substantial relative inefficiency across all types of Swiss banks. They also indicate that failure to account for off-balance sheet items, trading, and brokerage and portfolio management activities leads profit efficiency to be dramatically understated. In terms of scale and scope economies, we find evidence of cost scale economies for small and mid-size banks, but larger banks appear not to substantially benefit from further size gains or product diversity.
These results provide some insight into the recent evolution of Swiss banking and have implications for banks in other economies that are moving towards a more universal system.
Regarding the Swiss banking system, the large observed differences in relative efficiency and the presence of cost economies of scale partially explain the consolidation trends observed during the last decade. Our results, however, contrast with the increase in importance of large universal banks at the expense of regional and cantonal banks: we find only little evidence of scale or scope economies for the largest banks and the regional and cantonal banks do not appear less efficient than other types of Swiss banks. The higher profitability observed in recent times in financial market activities may explain why Swiss banks formerly concentrating on traditional banking entered that segment, even in the absence of economies of scope. In terms of the move toward universal banking elsewhere, we find little evidence of substantial gains from either scale or scope economies for the largest banks. This suggests that the creation of larger banks with broader product mixes will not necessarily lead to improved efficiency or performance. banks with weights equal to the denominator of the efficiency ratio.
C-EFF=1 for the "best cost-practice" bank and Π-EFF=1 for the "best profit-practice" bank. Standard deviations are in parentheses.
Output specifications Y-1 , Y-2 , and Y-3 are defined in Section III. 
EPSUB -mean-max EPSUB -mean-mean
Note: EPSUB is estimated from a separate cost function for each year using specification Y-3 and evaluated with mean prices and netputs from each sample. Missing values reflect cases where at least one output did not decline between size classes. Standard errors are in parentheses. Size classes are based on total assets in Sfr millions. 
